One of the most studied plant species with insecticidal properties is the castor bean Ricinus communis. However, its activity against Spodoptera frugiperda is unclear. Therefore, to determinate the insecticidal and insectistatic activities of methanol, hexane and ethyl acetate extracts of the seeds and leaves of R. communis, castor oil and ricinine were tested at different concentrations against S. frugiperda. This study demonstrated for the first time, that the castor oil and ricinine are active ingredients of R. communis that acts against S. frugiperda and that each of the seed extracts exhibited better insecticidal and insectistatic activity than the leaf extracts. The half maximum larvae viability concentration (LVC 50 ) were 0.38 × 10 3 ppm for the ricinine, 0.75 × 10 3 ppm for a methanol extract of seeds, 1.97 × 10 3 ppm for an ethyl acetate seed extract, 2.69×10 3 ppm for the castor oil, 4.83 × 10 3 ppm for a methanol extract of leaves, 5.07 × 10 3 ppm for an ethyl acetate extract of leaves, 9.95 × 10 3 ppm for a hexane extract of seeds and 10.01 × 10 3 ppm for a hexane extract of leaves.
INTRODUCTION
Insects represent one of the major causes of crop and grain loss worldwide (Ferry et al., 2004) . Synthetic chemical pesticides have been the most widely adopted method for field and post-harvest protection of crops against insect pests; however, there are many problems associated with the extensive use of these compounds, such as build-up of pesticide resistance, negative impact on natural enemies, *Corresponding author. E-mail: agromyke@yahoo.com. Tel/ Fax: +52 (55) 54 83 74 10.
Abbreviations: MeOH, Methanol; Hx, hexane; AcoEt, ethylacetate; Sd, seed extract; Lf, leaf extract; CO, castor oil; Ric, ricinine; VC, variability coefficient; LVC50, half maximum larvae viability concentration; ANOVA, analysis of variance. in addition to negative environmental and health impacts. These facts, combined with consumer demand for residuefree food and the increasingly stringent environmental regulations governing pesticide use (Isman, 2000) , have resulted in renewed interest by agrochemical companies in the development and use of plants and their natural products for pest management.
The fall armyworm Spodoptera frugiperda Smith (Lepidoptera: Noctuidae) has been identified as a polyphagus insect and several pest of many crops (Sparks, 1979) especially maize in Latin America (Andrews, 1988) ; yield reductions in maize due to feeding of the S. frugiperda have been reported as high as 34% (Cruz et al., 1996) .
Ricinus communis L. (Euphorbiaceae), the castor bean, has been used to control insect pests in several crops. Aqueous castor bean leaf extract has been shown to possess insecticidal activity against Callosobruchus chinensis (Coleoptera: Bruchidae) (Upasani et al., 2003) , Cosmopolites sordidus (Coleoptera: Curculionidae) (Tinzaara et al., 2006) , Culex pipiens, Aedes caspius, Culiseta longiareolata and Anopheles maculipennis (Diptera: Culicidae) (Aouinty et al., 2006) ; whereas amethanolic leaf extract had insecticidal activity against C. chinensis (Upasani et al., 2003) . In addition, both aqueous and acetone leaf extracts had different activity against Acromyrmex lundi (Himenoptera: Formicidae) (Caffarini et al., 2008) . Castor oil had insecticidal activity against Zabrotes subfasciatus (Coleoptera: Bruchidae) (Mushobozy et al., 2009 ). Furthermore, Rodríguez-Hernández (2005) found that the aerial parts also had insectistatic activity against the same insect in a corn crop and because S. frugiperda represents a pest of many crops (Kumar and Mihm 2002; Molina et al., 2003) , it has been used as a model species for testing for the insecticidal and insectistatic activities of many plants (Céspedes et al., 2005) .
Earlier studies of aerial parts of this plant have reported the presence of ricinine (Kang et al., 1985; Leite et al., 2005) , N-demetilricinine (Skursky et al., 1969; Kang et al., 1985) , six flavonoids: glycosides kaempferol- (Kang et al., 1985) , as well as gallic acid, gentistic acid and rutin (Chen et al., 2008) . Also, it was found that the seeds contain castor oil (Achaya et al., 1964; Kim, 2001) , ricin (Achaya et al., 1964; Darby et al., 2001) , the protein allergens Ric c 1 and Ric c3 (Bashir et al., 1998; Pantoja-Uceda et al., 2003) and ricinine (Bashir et al., 1998; Yudalshev, 2001) . In the present study, the activity of methanol (MeOH), hexane (Hx), ethyl acetate (AcoEt) extracts of seeds (MeOH-Sd; Hx-Sd; AcoEt-Sd respectively) and leaves (MeOH-Lf; Hx-Lf; AcoEt-Lf, respectively) of R. communis, as well castor oil (CO) and ricinine (Ric) were evaluated against S. frugiperda.
MATERIALS AND METHODS

Plant material
Seeds and leaves of R. communis were collected in Ecatepec of Morelos, State of México, México, in December, 2007. Species identity was authenticated by Stephen D. Koch (Ph.D) and a voucher (CHAPA-001) was deposited in the Herbario-Hortorio of Colegio de Postgraduados en Ciencias Agrícolas. Leaves and seeds of the plant were dried in the shade.
Extracts preparation
Dried and powdered leaves or seeds (1 kg) were extracted with hexane (3.0 L) under reflux for 4 h. The extracts were then filtered. The leaf or seed were extracted with methanol or ethyl acetate (3.0 L). The extracts were filtered and the solvents removed under reduced pressure using a rotatory evaporator. The yields of the extracts were: Hx-Sd, 373.1 g; Hx-Lf, 21.1 g; MeOH-Sd, 233.8 g; MeOH-Lf, 98.2 g; AcoEt-Sd, 286.2 g; AcoEt-Lf, 83.3 g.
Isolation of ricinine
Dried and powdered leaves or seeds of R. communis (4 kg) were extracted with Hx (12 L), then was filtered and extracted with MeOH (12 L). The solvent was evaporated and the residue was chromatographed on silica gel (70-230 mesh) and eluted with chloroform, increasing the polarity with methanol. Fourteen (14) fractions were obtained according to the technique of Kang et al. (1985) . Fractions 7, 8 and 9 produced a white solid (0.0013% to leaves and 0.022% to seeds), which was chromatographed again.
Insects
First instar larvae of S. frugiperda were obtained from the Entomology Laboratory of International Maize and Wheat Improvement Center, "El Batán", Texcoco, State of México, México.
Artificial diet
1 Kg of artificial diet were prepared with: yeast 40 g, lepidopteran diet (Product # F0635S.W. Corn Borer, Bio-Serv, Canada) 60 g, powdered maize 100 g, sterile maize ear 20 g, neomycin sulphate 6 g, vitamin mix fortification lepidóptera, Bio-Serv 10 g, sorbic acid 1.7 g, methyl p-hydroxybenzoate 1.7 g, agar 10 g, formaldehyde 2.5 ml, ethanol 17 ml, distilled water 800 ml. All the components were mixed (Bergvinson and Kumar, 1997) .
Bioassay
Groups of 100 larvae were randomly selected for bioassays to each concentration. Preliminary screening of MeOH, Hx, AcoEt extracts from seeds and leaves, CO and Ric were carried out at seven concentrations ranging from 0.016 to 24,000 ppm; each extract was mixed with the larval diet ingredients during preparation. Based on preliminary screening results, all of the extracts were subjected to concentration-response bioassays for insecticidal or insectistatic activities against S. frugiperda. Samples of seven concentrations ranging from 16 to 16,000 ppm were used for CO, Ric, MeOH-Sd, AcoEt-Sd and AcoEt-Lf; whereas concentrations ranging from160 to 24,000 ppm were used for MeOH-Lf, Hx-Sd and Hx-Lf. Each treatment utilized a negative control diet; media were poured into 100 acrylic glasses (Bio-Serv Nº 9051) that were left solidify at room temperature for 24 h. First instar S. frugiperda larvae were then transferred individually and the glasses were closed with a top (Bio-Serv Nº 9049). All samples were maintained at 27 ± 2°C, 70 ± 5% relative humidity and 14/10 h light/dark. The pupae were weighed 24 h after pupation and then moved to another glass for development to the adult stage. The following parameters were evaluated: the length of the larval and pupal period; the larval and pupal viability, as well as the pupal weights at 24 h. According to Rodríguez-Hernández and Vendramim (1996) , extension of the larval phase by a treatment is termed "growing inhibition", extension of the pupae phase duration is termed "developing inhibition" and reduction of pupal weight (relative to the control) is termed "feeding inhibition". The half maximum viability larvae concentration (VLC50) represents the concentration at which 50% of the larvae lived during all larvae phase. Table 1 . Mean (± SE) larvae and pupae duration, larvae and pupae viability and pupae weight of S. frugiperda with methanol extract of the seeds and leaves (MeOH-Sd; MeOH-Lf) of R. communis.
Duration (d)
Viability ( *Values were not used in statistical analysis; & = Not one of the individuals completed its larval stage; = There were no pupae; VC = Variability coefficient; **LVC50 was calculated with the larvae mortality; different letters represent statistically significant differences; SE = standard error of mean.
Statistical analysis
For statistical analyses, one way ANOVA analysis and (0.05%) TUKEY test with SAS software (Delwiche and Slaughter, 2002) . The half maximum viability larvae concentration (LVC50) was calculated using Probit program (Raymond, 1985) .
RESULTS
In the experiments of insecticidal activity, the activity of the methanol seeds and leaves extracts are summarized in Table 1 . The MeOH-Sd produced 0% larvae viability at concentrations ranging from 16,000 and 9,600 ppm; at concentrations of 1,600 and 560 ppm, larval viability rates were 36 and 75%. With this extract, pupal viability was 76.9% at 1,600 ppm. A larval viability rate of 0% was achieved with MeOH-Lf at a concentration of 24,000 ppm. At concentrations of 16,000, 8,000 and 4,000 ppm, the larval viability rates were 37, 54 and 70%, respectively; whereas the pupal viability rates at 16,000, 8,000, 4,000 and 1,600 ppm were 40, 59.3, 81.4 and 83.5%, respectively. Hx-Sd caused 11, 43, 65, 73 and 79% larval viability at concentrations of 24,000, 16,000, 9,600, 4,000 and 1,600 ppm, respectively; whereas at concentrations of 24,000 and 16,000 ppm, were observed 54.5 and 88.4% pupal viability. With Hx-Lf, the larval viability rates were 19, 46 and 76% at concentration of 24,000, 16,000 and 9,600 ppm, respectively; whereas the pupal viability was 68.4% at a concentration of 24,000 ppm ( Table 2) . The rates of larval viability with AcoEt-Sd were 11, 19 and 60% at 16,000, 9,600 and 1,600 ppm, respectively; the pupal viability rates were 54.5 and 78.9% at concentrations of 16,000 and 9,600 ppm, respectively. AcoEt-Lf caused 34, 50 and 64% larval viability at concentrations of 16,000, 9,600 and 1,600 ppm, respectively, and 16,000 ppm resulted in 85.3% pupal viability (Table 3) . A larval viability rate of 0% was achieved with CO at a concentration of 16,000 ppm and at concentrations of 9,600, 1,600 and 560 ppm, the larval viability rates were 45, 69 and 80%, respectively; whereas the pupal viability rates at 9,600 ppm was 88.9%. The Ric caused 0% larvae viability at concentrations ranging from 1,600 to 16,000 ppm; at concentrations of 560 and 160 ppm, larval viability rates were 44 and 60%, and pupal viability was 54.5% at 560 ppm (Table 4 ). In the experiment of insectistatic activity, the MeOH-Sd treatment at 1,600 ppm showed growing inhibition and developing inhibition of S. frugiperda: it prolonged the Table 2 . Mean (± SE) larvae and pupae duration, and viability and pupae weight of S. frugiperda with hexane extract of the seeds and leaves (Hx-Sd; Hx-Lf) of R. communis.
Duration (d)
Viability ( *Values were not used in statistical analysis; VC = Variability coefficient; **LVC50 was calculated with the larvae mortality; different letters represent statistically significant differences; SE = standard error of mean.
larval and pupal phases to 4.8 d and 0.8 d, at the same concentration; the treatment also resulted in feeding inhibition because the pupae weighed was only 89.1% of the control group. MeOH-Lf caused growing inhibition (in the larval phase) to increase to 12.2, 9.5, 8.7, 6.5 and 1.7 d at 16,000, 8,000, 4,000, 1,600 and 560 ppm, respectively, and developing inhibition increased the pupal phase to 1.8 and 0.8 d at 16,000 and 8,000 ppm. The weights were inhibited by 15, 9.3, 6.6 and 5.9% compared to the control at 16,000, 8,000, 4,000 and 1,600 ppm, respectively (Table 1) . Hx-Sd resulted in growing inhibition at 24,000, 16,000, 9,600, 4,000, 1,600 and 560 ppm, prolonging the larval phase to 8.8, 7.3, 5.3, 3.7, 2.9 and 1.8 d, respectively. Development inhibition increased the pupal phase to 1.1 and 0.6 d and feeding inhibition because the weight reached 91.5, 93.1 and 94.7% compared with the control weight at 24,000, 16,000 and 9,600 ppm, respectively. Hx-Lf increased the larval phase to 5.5, 4.0, 2.9, 1.5 and 1 d at 24,000, 16,000, 9,600, 4,000 and 1,600 ppm, respectively, and the pupal phase was extended 1 d at 24,000 ppm. Hx-Lf caused feeding inhibition to reach 88.6, 91.9 and 93.6% of the weight compared with the control at 24,000, 16,000 and 9,600 ppm, respectively (Table 2) . AcoEt-Sd increased the larval phase to 11.1, 8.4, 4.1, 1.9 and 1.5 d at 16,000, 9,600, 1,600, 560 and 160 ppm, respectively; the extract increased the pupal phase to 1.5 and 0.8 d at 16,000 and 9,600 ppm. The pupal weights were 76.9, 89.7 and 95% at 16,000, 9,600 and 1,600 ppm, respectively. AcoEt-Lf increased the larval phase to 7.5, 5.4, 3.9, 2.5 and 1.9 d at 16 000, 9 600, 1 600, 560 and 160 ppm, respectively; whereas the pupal phase was increased to 0.9 d at 16,000 ppm and the pupal weights were 88.6, 91.1 and 95.9% of the weight of the control (Table 3) . CO resulted in growing inhibition at 9,600, 1,600 and 560 ppm, prolonging the larval phase to 3.8, 2.8 and 1.7 d, respectively. Development inhibition increased the pupal phase to 0.8 d at 9,600 ppm and weight was 89.9 and 91% of the control weight at 9,600 and 1,600 ppm. Ric increased the larval phase to 14.1, 6.6 and 3.1 d at 560, 160 and 112 ppm, respectively and the pupal phase was extended 2.1 d at 560 ppm. It caused feeding inhibition because the weight was only 78.4 and 89.1% of the control weight at 560 and 160 ppm (Table 4) . Table 3 . Mean (± SE) larvae and pupae duration, larvae and pupae viability and pupae weight of S. frugiperda with ethyl acetate extract of the seeds and leaves (AcoEt-Sd; AcoEt-Lf) of R. communis.
DISCUSSION
Mushobozy et al. (2009) demonstrated that castor oil had
Duration (d)
Viability ( insecticidal activity against Z. subfasciatus; moreover, ricinine had insecticidal activity against Myzus persicae (Homoptera: Aphididae) (Olaifa et al., 1991) and Atta sexdens rubropilosa (Hymenoptera: Formicidae) (Bigi et al., 2004) . Then the MeOH-Sd induced 0% larval viability at 16,000 and 9,600 ppm (LVC 50 0.75 × 10 3 ppm) and the insectistatic activity was evident beginning at 160 ppm. These facts suggest that the insecticidal and insectistatic activity of MeOH-Sd could be due to the castor oil and ricinine present on the seeds of R. communis. The insecticidal activity of Hx-Sd was low (LVC 50 9.95 × 10 3 ppm); it was shown only at concentrations of 560 ppm or higher and this activity might be due to castor oil, because ricinine is not soluble in hexane. AcoEt-Sd had an activity intermediate between MeOH-Sd and Hx-Sd (LVC 50 1.97 × 10 3 ppm); its insectistatic activity was detectable beginning from 160 ppm. This result might be due to the solubility of ricinine in AcoEt is lower than in MeOH and also that castor oil is present in this extract, so that this is the reason, the insecticidal effect of AcoEtSd is lower than MeOH-Sd.
The MeOH-Lf extract achieved 0% viability rate against larvae at 24,000 ppm (LVC 50 4.83 × 10 3 ppm) and it had insectistatic activity beginning at 560 ppm, which suggests that ricinine is the compound responsible for this activity; ricinine is also present in the leaf (Kang et al., 1985; Upanasi et al., 2003) , but in minor concentration than in seed. Hx-Lf exhibited the lowest insecticidal activity (LVC 50 10.01 × 10 3 ppm), but had insectistatic activity beginning at 1,600 ppm. These results suggest that a compound other than ricinine is responsible for the observed insectistatic activity of these extracts because this alkaloid is not soluble in hexane. AcoEt-Lf had lower activity than MeOH-Lf (LVC 50 5.07 × 10 3 ppm) and its insectistatic activity was detectable beginning from 160 ppm; it is possible that this activity is due to ricinine because the solubility of the compound is lower in AcoEt than in MeOH. Thus, AcoEt-Lf had less ricinine than MeOH-Lf. When included in the diet of S. frugiperda, ricinine induced 0% larval viability at 16,000; 9,600 and 1,600ppm (LVC 50 0.38 × 10 3 ppm) and the insectistatic activity was evident beginning at 112 ppm, then when the castor oil included, it induced 0% larval viability at 16,000 ppm (LVC 50 2.69 × 10 3 ppm) and the insectistatic activity was detectable at 560 ppm.
From our results we demonstrated for the first time, that the castor oil and ricinine are active ingredients of R. Table 4 . Mean (± SE) larvae and pupae duration, larvae and pupae viability and pupae weight of S. frugiperda with castor oil (CO) and ricinine (Ric).
Viability ( *Not taken values to statistical analysis; & = Not one of the individuals completed its larval stage; = There were no pupae VC = Variability coefficient; **LVC50 was calculated with the larvae mortality; different letters represent statistically significant differences; SE = standard error of mean.
communis that acts against S. frugiperda and that each of the seed extracts exhibited better insecticidal and insectistatic activity than the leaf extracts and corroborate that the insectistatic activity is the principal mode of action of R. communis against S. frugiperda, in accordance with Rodríguez-Hernández (2005) . Continuity of this research is important and thus recommended, because the hexane extract of the leaves showed insecticidal and insectistatic activity against S. frugiperda; and the next step would be to isolate the active compounds from this extract, and thereafter standardize the extract with the highest activity.
